Healthcare is one of the fastest growing sectors of the economy and providing cost-effective healthcare service to an aging population with a declining number of hospitals is a formidable challenge. Through recent technological advances it is now possible to migrate some of the services from centralized locations into the home. We describe a prototype architecture that we built to support novel, pervasive and easily deployable information technology applications in healthcare segment where outpatient treatment can be a cost-effective alternative. Our proposed architecture is conceived as a flexible platform that allows application builders to rapidly design, create and deploy applications that require the transmission of delay-sensitive media streams such as audio, video, and haptic data. As an initial example we applied our framework to tele-rehabilitation where a therapist remotely monitors the exercise regimen and progress of a patient who, for example, previously suffered from a stroke.
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We have designed a virtual patient/clinician interactive platform called ACTIVE+ based on our innovative audio streaming protocol [9, 10] . The new ACTIVE+ platform was devised to distinguish among different characteristics (e.g., bandwidth and processing requirements) of different streaming data and handle them accordingly. The ACTIVE+ architecture dynamically maintains and optimizes a peer-to-peer overlay streaming network so that time-sensitive data, e.g., a remote voice stream representing verbal instructions given to a patient by a clinician during rehabilitation, can be delivered in a timely fashion. We are excited by ACTIVE+'s capability to provide a general and flexible platform that presents a universal interface to its applications such that multiple media channels can be allocated, each with potentially different characteristics.
We are using neuro-rehabilitation as our application case study to investigate the effectiveness of the ACTIVE+ approach. We have designed an exercise environment which can be host to a progressive set of training tasks from precise fine motor movements to reaching movements that involve full arm and shoulder activity. We are leveraging our earlier work that makes use of the PHANToM haptic device, which is a small, desk-grounded robot that can simulate the sense of touch on a virtual object through force feedback. By using the ACTIVE+ platform, the therapist can remotely monitor both the actions and progress of the patient and, if necessary, provide the needed assistance through the voice channel. The metadata stream that contains the haptic information and user feedback are stored and analyzed later.
We conducted a preliminary trial of our ACTIVE+ prototype starting in 2005 and a subset of the results were reported in [1] . As a work in progress, our prototype received a positive feedback with average user rating of 4.5 on a scale of 1 to 7.
Our proposed virtual patient/clinician application is the first of its kind that is using a peer-to-peer based streaming network. Its main benefits are that no expensive, centralized infrastructure is required and the whole system is easy to deploy and scalable. Our innovative work shows that it is becoming feasible and cost-effective to utilize this type of heterogeneous network to conduct certain healthcare tasks remotely.
